The conventional tests for rheumatoid factor depend upon the agglutination of particles such as red cells or latex, coated with immunoglobulin-G. Since antibodies of the IgM class tend to be particularly effective in agglutination reactions, it is likely that the rheumatoid factor tests minimize any possible contribution from antiglobulin factors in other immunoglobulin classes. However, if the rheumatoid factors represent an immunological response of the patient to slightly altered autologous IgG, one would also expect to find antiglobulin factors in the IgG and IgA classes. In order to investigate this possibility we have developed a method which identifies the immunoglobulin class of the antiglobulin and also allows a quantitative assessment to be made. The method depends upon the absorption of antiglobulins on to insoluble cross-linked rabbit y-globulin, their subsequent elution from this complex, and estimation by the immunoplate technique using specific anti-immunoglobulin antisera incorporated into the gel. A preliminary account of these studies has been revorted (Torrigiani and Roitt, 1965a) .
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Material and Methods Sera
27 sera from patients with rheumatoid arthritis all containing rheumatoid factors reacting with rabbit IgG in the sheep cell agglutination test (SCAT) were used.
As controls, 21 sera from normal blood donors and four cord bloods were tested. All sera were stored at -20°C. and spun at 4,000 r.p.m. before use.
Rheumatoid Factor Tests
The SCAT was carried out using the method recommended by the Biological Standards Department of the National Institute of Medical Research, London, in consultation with a number of laboratories (to be published). Experimental serum fractions were tested by the latex-fixation reaction, using rabbit and human FII (Burby and Behr, 1958 ). They were also tested for anti-rabbit IgG with pyruvic aldehyde-treated cells (Ling, 1961) coated with rabbit FIl at a concentration of 0 8 mg./ml.
Insoluble Cross-linked Rabbit IgG
Rabbit Cohn fraction II (Hyland Laboratories) was polymerized with bis-diazotized benzidine by the method of DeCarvalho, Lewis, Rand, and Uhrick (1964) . 15*8 ml. water was added to 360 mg. recrystallized benzidine in 3 -75 ml. of 6 N HCI, and the solution cooled to 83 C. Over a period of 2 minutes, 7 ml. sodium nitrite solution (1-3 g. sodium nitrite in 32 ml. water) were added, and the resulting solution added with stirring to a precooled solution of 4-50 g. sodium acetate in 10 ml. water over a period of 1 minute. The polymerization of rabbit IgG was carried out, adding 7 * 2 ml. of tetrazotized benzidine solution to 1 6 g. fraction II in 100 ml. phosphate buffered saline pH 7*2 (PBS) over a period of 30 minutes. After a further 7 minutes, 1 ml. of 8 N potassium carbonate was added with continuous stirring. The insoluble IgG was dispersed in a Potter-Elvejhem homogenizer, washed five times with saline, and kept overnight at 4°C. in 1M glycine to reduce any subsequent non-specific absorption of proteins (cf. Williams and Kunkel, 1963) . After a further wash with saline, the suspension was adjusted to contain 20 mg. protein/ml. and was stored at 4°C. The preparation was used within a week.
Absorption of Anti-globulins from Serum with Insoluble IgG 1 ml. of the insoluble rabbit IgG suspension was incubated with 0 * 5 ml. serum for 1 hr at 370 C. and then overnight at 40 C. After this procedure, tests for rheumatoid factor were consistently negative. The polymerized IgG was spun down and washed five times with cold saline. The washed sediment was suspended in 0 5 ml. 0 1M glycine-HCI buffer pH 2 5 at 40 C. After 1 hr the mixture was spun and the sediment washed once with 1 ml. glycine-HCI; the combined supernatant fluids were rapidly concentrated to approximately 0 1 ml. in a small dialysis sac suspended vertically and surrounded with solid sucrose (Centeno, Shulman, Milgrom, and Witebsky, 1965 Serum Fractionation 5 ml. serum were separated by chromatography on a 1 x 20 cm. column of DEAE-cellulose, using step-wise elution with the following buffers: 0*01M phosphate pH 7-8, 0-02M phosphate pH 6-2, 0-05M phosphate pH 4 -4, and 0 * 5M phosphate pH 4 -4 in 0 -I M sodium chloride (Amante and Ancona, 1964 (Torrigiani and Roitt, 1965b) .
Results

Nature of the Antiglobulin Factors in the Serum of Patients with Rheumatoid Arthritis
Antiglobulin factors can be absorbed out from the serum of patients with rheumatoid arthritis using insoluble preparations of rabbit IgG. After elution from the complex with acid, the factors canwbe identified with specific antisera, as IgM, IgG, and also frequently as IgA immunoglobulins. Using a quantitative immunoplate method involving radial diffusion into an agar gel containing the specific anti-immunoglobulin serum, a quantitative assessment of antiglobulin in each immunoglobulin fraction in the eluate could be made.
Further characterization of the antiglobulin factors in the serum of a patient with rheumatoid arthritis was attempted by fractionation using ion exchange chromatography (Fig. 1, overleaf) . The original serum gave the following antiglobulin values: IgG 15 /Lg/ml., IgA 24 pg./ml., and IgM 45 p&g./ml., Six fractions were taken as indicated and analyzed individually for the concentration of the individual immunoglobulins and also for rheumatoid factor-like activity using latex coated with either rabbit or human y-globulin (Table I) . The breakthrough peak fraction I contained only IgG and gave a titre of 1:32 when tested against latex-coated rabbit y-globulin, although it was Table I ).
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Eluting phosphate buffer negative using a human y-globulin reagent. Fraction IV, containing predominantly IgA and relatively small amounts of IgG and IgM, had a titre of 1:128 in the latex test with rabbit y-globulin. Fraction V, in which only IgM could be detected, had the highest rheumatoid factor activity. After storage in the deep freeze, the fractions were tested individually for their content of antiglobulin factors. As may be seen in Table I usual way to a final volume of 0 25 ml. The results presented in Table II show that the presence of (Fig. 1) . ,ug./ml., whereas, again within the limits of the sensitivity of the test employed, no IgA factors were demonstrable in the normal sera. All sera, whether from patients or from normal individuals, showed IgG antiglobulin factors. The mean value for the rheumatoid group was 19-3 ± 2-3 teg./ml.
(± S.E.) while the corresponding value for the normal group was 11 0 ± 0 3 ztg./ml. The difference between these means was highly significant, with P < 0 003 (Student's t test).
In this small group of patients no correlation could be established between the values for these antiglobulin factors and the duration of the disease, presence of nodules, activity or grade of the disease, the haemoglobin concentration, erythrocyte sedimentation rate, or the presence of antinuclear factors or other autoantibodies.
Discussion
In our preliminary experiments we attempted to apply a method which had been used successfully for the estimation of antithyroglobulin antibodies (Torrigiani, 1965) . In this method radio-labelled thyroglobulin was mixed with the serum to be tested and the complexes formed with antibodies of each immunoglobulin type precipitated by the addition of specific anti-immunoglobulin serum; the radioactivity of the precipitate gave a measure of the amount of anti-thyroglobulin in the particular immunoglobulin class. Attempts to apply this method to the study of antiglobulin factors, using as antigen aggregated rabbit IgG which had been iodinated, were unsuccessful possibly because of the coprecipitation of IgM rheumatoid factor complexed with radio-antigen, with the complexes of IgA and IgG and their specific antisera generated in the second phase of the estimation. The present method of absorption and elution from aggregated rabbit IgG and quantification by gel diffusion avoided this complication, and it could be shown that the presence of IgM rheumatoid factor did not influence the estimation of antiglobulins in other immunoglobulin classes. The validity of the finding of antiglobulin factors of different types was confirmed by separation on DEAE-cellulose, when it could be shown that antiglobulins of each individual immunoglobulin class were demonstrable only in the chromatographic fraction containing the peak concentration of the relevant globulin.
The finding of antiglobulin factors in each of the immunoglobulin classes has also been described by other investigators. Positive latex-fixation tests of low titre were associated with the IgG fraction of serum from two patients with rheumatoid arthritis (Heimer and Levin, 1966) , while studies on complexes with sedimentation coefficients between 7S and 19S led Chodirker and Tomasi (1963) to infer the existence of low molecular weight rheumatoid factor in some sera. IgA antiglobulins were identified immunologically in a number of sera by Williams and Kunkel (1963) and Heimer and Levin (1966) using the technique of absorption and elution from solid globulin preparations. The distribution of reactivity towards aggregated rabbit globulin among the major immunoglobulin classes provides further support for the view that the rheumatoid factors arise as an antibody response to the host's own IgG, which through modification becomes immunogenic and exposes new determinants responsible for the species cross-reactions (Milgrom and Witebsky, 1960a) . The affinity of rheumatoid factors for IgG bound in an immune complex and the experimental production of antiglobulins by hyperimmunization (Eyquem, Guyot-Jeannin, and Podliachouck, 1959; Witebsky, 1960b, Aho and Wager, 1961; Abruzzo and Christian, 1961) make it likely that the modification of host IgG comes about through combination as antibody with an unidentified antigen. The preponderance of IgM factors found, may be indicative of a continuing antigenic stimulus by newly-formed modified yglobulin. The physical nature of the antigen (? micro-organism) with which the host's IgG is initially complexed might be important, since it has been shown that the IgM antibody response is enhanced when an antigen is in a particulate rather than a soluble form (Torrigiani and Roitt, 1965b) . For instance, the production of macroglobulin rheumatoid factor-like substances by hyper-immunization of rabbits with E. coli is a response to the circulating complexes of bacteria coated with autologous antibody (Abruzzo and Christian, 1961) The present finding of antiglobulin factors of IgM type in all the rheumatoid patients with positive SCAT, and in the IgA class in approximately 50 per cent. of these patients, contrasts sharply with the observation made in the control group where the methods used failed to detect these factors at the level of sensitivity attained. The control group consisted largely of relatively young individuals, usually blood donors, not matched with the rheumatoid group for age and sex; these results should thus be considered rather as a demonstration of the specificity of the method used to detect the antiglobulin factors, than as a measure of their true incidence in the population.
An unexpected result was the finding of IgG antiglobulins in all sera tested whether from rheumatoid patients or from normal individuals, although the concentrations were higher in the pathological sera. There is some evidence that the binding of these globulins with the rabbit IgG substrate is of an immunological nature. Thus IgG isolated from a patient's serum was capable of agglutinating latex particles coated with rabbit but not with human IgG. Furthermore, preliminary experiments have indicated that the antiglobulin activity of normal human IgG is not increased by heat aggregation and is present in the Fab rather than the Fc papain fragment. IgG factors reacting with determinants exposed on the F(ab')2 and Fab fragments of different anti-D preparations are frequently demonstrable in normal human sera (Osterland, Harboe and Kunkel, 1963; Mandy, 1966) ; however their relationship to the IgG anti-rabbit globulins described in the present investigation has not been established. Studies (Watson and Collins, 1963; Mandy, Fudenberg and Lewis, 1965 ) also suggest that antiglobulins with a range of specificities are present normally in the rabbit. The IgG antiglobulin which we detected in human cord blood presumably reflects transplacental passage of maternal immunoglobulin, and it will be of interest to see whether the level declines until immunological events stimulate the production of the infant's own antiglobulin factors; the Gm grouping of the antiglobulins from cord serum would clearly be of relevance in this context.
With the appropriate specific antisera it should be possible to determine the distribution of the IgG antiglobulins amongst the four main subclasses; y2a, y2b, y2c, and y2d. With the present method the reactivity against self IgG could also be determined, although the complication that the substrate may undergo some decomposition under the acid eluting conditions thereby vitiating the result, should be taken into account; it was for this reason that a rabbit IgG substrate was chosen as the basis for the method described in the present communication. However, using radiolabelled self IgG would make it possible to correct for non-specific release by acid. The importance of determining such reactions with self globulin are underlined by the observation of Restifo, Lussier, Rawson, Rockey, and Hollander (1965) 
